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Alithough there has been no incraase in number of our major faciliiies, considerabie
effort has been expanded in modifying the new Slow Retation Room to permf"' ?ong ORDUIUIE
hebiivation studies with the subjecis af righi cngies fo the ouds of roiction. This hos involve
the fabrication of an articulated body mold, an air bearing support frame and minor akteraiic
of the new SRR, some of which are shown in the accompanying photograph.

Tests of the horizontal linear oscillator indicaie ihat an upper limii of the frequency
response of this system is about 1 cps with a 2 . psck-io-pedk empliiude. At the upper
range of tha frequency response there is nonlinearity in the response=commend ie icmu;,Sx i
so that a sinusoidal command signaf produces o system response which approximaies but s
not exactly a sinusoid. It appears that the system is capable of well~coniiolled sinusoidai
oscillation with frequencies up o about 0.5 cps. Further study of cormnand iesponse ralatio:
ships is in progress.

Personre!

Herlow W. Ades, Head of the Neurologica! Sciences Division, resigned as of
1 October 1965 fo accept a professorship ai the University of lilinois. Dr. Ades® vesearch
with reference to the vestibuler organs, while not cuiried out under this project and hence
noi included in these progress reporis, will be continued of his new lecation and close
lialson will be maintained .

Professor Bo E. Gernandt will replace Dr. Ades, af least temporarily . Dr. Gernondt,
on several occosions, has carvied out investigetions on vestibular mechanisims ai the NAM!
ond hence is prepared fo go on with his work here without delay. Dr. Gernandt is without
a peer in the area of vestibular neurophysiology, and his commg is o source of greg?

satisfaction.

Prepublicaiion Notes

Experiments weve corried out during Professor Claik's visit last summer which baar on
the differential role of, for want of befter terms, “conigei” and "kinesihetic” senscry inpuis
influencing the egoceniric visual localization of the horizontal {EVLH). By way of buck-
ground informaiion, it may be pointed ouf that many invesiigations have been conducied in
which a subject, viewing a dim line of {collimaied) light in dorkness is required fo “set”
the line to the horizontal or veriical. The line iiself offers an insufficient visual frame-
work on which 1o base the deiermingiion, hence non-visual sensory Inguis influence the
setting of g visval farget which reflecis visual spatiol orientation. I is not generaily
appreciated that this simple fesi procedure, when properly exploited, is indeed an slegon®
mathod.

The term oculogravic illusion has been used to describe the aupc r% mc%ion and dis-
placement of objecis in the visual field when a persen is subjecied 1o i i




of gravitoineriial force relative to himself such as may be experianced on a cenivifuge.

This illusion is maximal if the EVLM technigue is used but greally reduced in a lighied room
or cubicle with a strong visual framework. The evenis involved in cousing o "marimal
illusion" ave best made clear by an example. The subject is secured fo a fixed saui on a
human cenirifuge with the center of roration on his left. He is then vequived in darknes

to set the luminous line to the gravitational horizontal which can be done quite aceur .,.i'm Y.
After closing his eyes he is exposed fo a centripetal force of 1.0 G and ha fseis s if he

were being genily tilted "outboard™ or to his right until cligned with the new grevtioinertic
vertical . This is a "postural illusion” in terms of the physical environment of voom and

chair but o conmct perception in terms of the force environment. On opening his ayes forgst
line will still appear to be rotating clockwise and come fo rest in approximate vshgnmeﬁ»

with the gravitoinertial horizontal. That the otolith organs are essenticl for the camvect
alignment of the visuo! forget has fong been known. Nevertheless, there were inconsistencia:
which were not easy to explain. Thus, some normal subjects tended to under or overestimate
the "setting" in terms of the gravitoinertial horizontal, and some subjects with presumed ioss
of otolith function, percaived some degree of the illusion and the question arose whether they
had some residual otolith function or whether nonotolith cues participeted. This wus c%em&
decided in an experimant when subjects without otolith function and normal subjects were =iz
to the same change in direction of force in ordinary conditions and when submerged in v e’";ief :
Normal subjects perceived the illusion under water as accurately as in "dry® conditions. The
swbjects with vestibular defects did not perceive the illusion under water when coracy cues
were lost, indicaiing non-functioning ofolith organs. Moreover, it proved thar the “reduce
illusion”they perceived under dry conditions was due fo the influence of nonotolithic grovie
receprors

The experimant this post summer demonstraied tha? there were diffarences among the non-
otolith gravireceptors in terms of influencing the EVLH. The investigaiion consisied in axposi::
subjects with and without otolith organs to the same change in gravitoinertial force on o
centrifuge, once when they were strapped securely into ¢ supporting mold and egain when
they stood on a platform. In the latter circumstance the contact support was only iFves: gh

the fee?, and they maintained different positions of head relative to thorax end trunk relativa

to legs by muscular bracing.

Normal subjects set the line to the gravitoinertial horizontal much the same in both
circumstances; the cruciol factor was the position of the head lotoliths) with raspact fo the
resultant force. The subjec’s with loss of otolith organs set the line quite differently in tha
two conditions. When standing {kinesthetic cues prominent) their responses were quite
similor to normal subjects, but when saated {conicct cues) they ga’eaﬂy underestimatsd the
changed direction of the gravitoineriial horizontal; moreover, the position of the baad v i
respect o the force was not o decisive factor.



iz is believed that these findings are decisive in demonsirating a hierachy of
influences con visual space percepiion where there is o discrepancy between the visual
ond force upright; gravirecepior cues will fend to orfent the ling to the force upright
ond the otolithic, kinesiheiic and confact cuss are effective in this order. in normal
persons the ofolithic cues not enly predomingie but are the coniroliing influence; in
persons without otolith orgens kinesthetic cues are sironger than coniact cues. Under
conditions of weightlessness, with physiological deaffereniation of the otoliths, the rolss
of contact and kinrgsthetic inputs moy be greaily enhanced. Moreover, Individuals
vary aither with respect fo the relative confribution of different sensory inpuis or io their
relative significance for visual space percention. It Is hoped that extension of these studies
will exploin certain curious findings both in normel persons and in persons with vestibulear
defects.

A number of studies have been carried our by Dr. Fregly which at once indicate the
usefulness of our new ataxia test and contribuie o our understanding of pesivral mechanisms .
COrne study dealt with the influence of alcohol on the postural equilibrium {afoxia) test
performances of bilateral vestibular lcbyrinthine defectlve individuals. Significans performmes
dacremenis were found on the compensable (visually enhanced) vestibular ataxia test
performences but no decremenis were evidenced on the non-compenscble (non-visual)
vestibular ataxia test parformonces in all subjecis except one with cutstandingly supeiior
proprioceptive semsifiviry.

A comparison of posiural equilibrium {ataxia) test performance capabilities beiwesn
normals, blindfolded normals, bilateral vestibulor labyrinthire defectives, particlly bifnd,
tofally blind, and sveptomycin~treated individuals with Meniere's discose wos caried out.
Initiol and highly praciiced test scores indicaisd significani between group differences,
and more severe limiiations upon improved performance capabilities were evidencad in the
vestibulor dofeciives on the non-visual fesis end in the fotally biind subjecis on the
tests which were designed (for normal subjecis) 7o be performed with eyes open.

The non-vesiibuler contributions to posturel equilibrium functlons In normai persons.
In a lerge group (N = 500) of non-experienced and highly experienced present and former
naval aviaiors in the oge ronge of 42-53 ysars longitudingily exemined (ot S-year intervals
since 1940) for cardiovascular and related problems, a number of physical healih starus
variables were found to be significantly correlated with postural equilibrium fest perfoimanc::
notably somatotypes; blood pressure, heart rate, smoking, weight, ond age.

Dr. Niven and Mr. Hixson are continuing their studies on the frequency response of its
human semicircular canals. Previous work hos been directed feward the development of o
mathematical model of semicircular canal funciion in ferms of iis performance charasierisiics
in response fo dynamic stimuli and the development of exgerimental fechnigues to chiin
them. Psrformonce data on phase log of the cupuls as o funciion of freausney have keer
reporied. However, as a recent evciugiion of this work in vestibular conirol systems
{NASA N6510363) stated, "Detailed expariments of this ivpe ai a wide rangs of froquensius
would be very helpful in deiciied resolution of the ampiifude and phase veisus freguency
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and data is belng collecicd over on extendad fieguancy runge and meusuremenis of
amplitude os well as phose are being rade. These studies cre in the dala colleciion
ond analysis phasa.

These invesiigators in collaboretion with Dr. Correia are studying vestibular ralated
responses assocliared with periodic linear acceleration stimulus. Mest studies of the human
otolith organ have wsed static stimuli prasenied in the frontal plane of the head because the
evoked responses could be recorded and quaniified most readily . The current experiment
involves the exiension of the stimuli from staiic to dynemic form and the exploraiion of the
response capabilities of the receptor io siimuli presenied along ol three axes using the
Coriolis Acceleration Plaiform (CAP) to produce the desired stimulus conditions. importantiv.
nystagmus has been found io be eliciied by sinusoidal lineor acceleraiion stimuli. Subjective
observations of visual farget movement and of posiural sensations are clso corigiaiad with
the stimulus. A report is under preparaiion.

The same investigators are praparing a fongent modei of otolith stimulus~resporse
relaiionships. Man’s responses and orientation in linear foree environments vewiv
elucidation becouse of potential implications for their performance in aircraf Gpem*";ons
and space flighi. in general, body sensciions of tilf, the adjusiment of wsua! targels 1o the
horizon or vertical, ond other such indicators of orientarion have been considered classly
proportional to the diraction of the resultant linear acceleration vector acting through the
body with the obssrvation that a magnitude effect does exisi. In a reperi now in iis fing!
draft stages, data are presented on the effects of the stimulus vector magnitude Indepandent
of its direction for a selected series of direction angles. A mathemotical medel of ofolith
rasponse which is comprehensive encugh io describa not only ihe presen; da’w but alze dota
from related studies in the literature is formulated.
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